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A  conditioning  process  is  usually  needed  for  a  newly  fabricated  proton  exchange  membrane  (PEM)  fuel 
cell  to  be  activated.  Depending  on  the  membrane  electrode  assemblies,  this  process  can  take  hours  and 
even  days  to  complete.  To  provide  for  accelerated  conditioning  techniques  that  can  complete  the  process 
in  a  short  time,  this  paper  compares  various  reported  methods  to  condition  a  PEM  single  cell.  The  major 
objectives  are  to  identify  accelerated  conditioning  approaches  that  can  significantly  reduce  the  condi¬ 
tioning  duration  for  the  existing  conditioning  regime  in  an  operationally  easy  manner,  and  to  understand 
the  fundamental  principles  that  govern  accelerated  conditioning.  Various  effects  investigated  include 
temperature,  cycling  steps,  and  cycling  frequencies.  Other  techniques,  such  as  short  circuiting,  hydrogen 
pumping,  and  hot  water  circulation,  are  also  discussed.  For  each  technique,  measurements  are  taken  using 
electrochemical  impedance  spectroscopy  (EIS),  cyclic  voltammetry  (CV),  and  linear  sweep  voltammetry 
(LSV). 
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1.  Introduction 

A  conditioning  process  is  usually  needed  for  a  newly  fabri¬ 
cated  polymer  electrolyte  membrane  (PEM)  fuel  cell  to  be  activated 
[1].  Through  this  process,  also  called  break-in,  commissioning,  or 
incubation,  the  new  cell  can  reach  its  best  performance.  Typically, 
during  this  break-in  period  the  cell  performance  increases  gradu¬ 
ally,  then  reaches  a  plateau  without  further  increase.  Depending 
on  the  membrane  electrode  assemblies  (MEAs),  this  process  can 
take  hours  and  even  days  to  complete.  An  ideal  scenario  is  not 
only  to  have  the  highest  possible  power  density  after  the  break- 
in  procedure,  but  also  to  minimize  the  activation  completion  time 
[2,3]. 

Various  approaches  have  been  investigated  to  maximize  fuel 
cell  performance  and  shorten  the  electrode  activation  time.  On-line 
techniques  explored  include  current  control  [5,6],  potential  con¬ 
trol  [7,8],  temperature  control  [9-11],  hydrogen  pumping  [4,12], 
CO  stripping  [13],  and  air  braking  [14,15].  Off-line  methods  include 
electrochemical  conditioning  of  the  MEA  [16],  and  steaming  or 
boiling  the  electrode  [17].  The  US  Fuel  Cell  Council  (USFCC)  has 
even  established  cell  break-in  protocols  to  standardize  the  process 
[18].  However,  no  standard  measurement  has  been  established  to 
determine  the  effectiveness  of  a  break-in  or  conditioning  proce¬ 
dure.  Murthy  et  al.  [3]  recommended  monitoring  a  fuel  cell’s  output 
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current  density  at  0.6  V  and  recording  it  as  a  function  of  time  during 
the  application  of  a  given  conditioning  procedure. 

Compared  with  fuel  cell  durability  studies,  research  on  fuel  cell 
conditioning  is  relatively  limited.  In  most  cases,  procedures  are 
given  and  results  are  presented  without  digging  further  into  the 
mechanisms.  As  a  result,  the  reports  contain  more  hypotheses  than 
facts.  Most  mechanisms  proposed  are  hypothetical  because  they 
lack  direct  experimental  support  or  concrete  experimental  verifica¬ 
tion.  A  systematic  investigation  of  conditioning  and  its  mechanisms 
is  still  required.  To  this  end,  the  present  paper  aims  to  identify 
accelerated  conditioning  approaches  that  can  significantly  reduce 
the  conditioning  duration  for  an  existing  conditioning  regime, 
with  easy  operational  conditions,  and  to  understand  the  funda¬ 
mental  principles  that  govern  accelerated  conditioning.  Various 
effects  investigated  include  temperature,  cycling  steps,  and  cycling 
frequencies.  Other  techniques,  such  as  short  circuiting,  hydrogen 
pumping,  and  hot  water  circulation,  are  also  discussed. 

2.  Experimental 

2.1.  Accelerated  conditioning 

The  PEM  fuel  cell  had  an  active  area  of  50  cm2.  All  the  experi¬ 
ments  were  carried  out  using  Gore  57  catalyst  coated  membranes 
(CCMs).  To  ensure  instant  temperature  control  in  the  cell,  all  of 
the  gases  and  water  could  be  operated  to  bypass  the  cell  through 
three-way  valves. 

The  baseline  data  was  obtained  by  drawing  the  current  at  a 
constant  voltage  of  0.6  V.  Once  the  initial  set  points  were  reached 
(70  °C,  with  1 00%  relative  humidity  (RH)  on  both  sides),  the  cell  was 
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connected  to  the  system.  After  6  h  of  operation  at  0.6  V,  EIS,  CV,  and 
LSV  were  measured.  Then  cell  operation  was  continued  at  0.6  V 
until  there  was  no  further  performance  improvement,  at  which 
point  EIS,  CV,  and  LSV  measurements  were  taken  again. 

Factors  that  affect  conditioning  were  chosen  based  on  ease  of 
operation  and  the  effectiveness  of  the  method,  and  included  tem¬ 
perature,  cycling  steps,  and  cycling  frequencies.  Assessment  of 
temperature  effects  was  performed  at  50  °C,  70  °C  (baseline),  and 
90  °C,  at  a  constant  voltage  of  0.6  V  and  100%RH  on  both  sides  for 
6  h.  To  determine  the  effect  of  cycling  steps,  three  experiments  were 
carried  out:  (1)  the  cell  was  cycled  between  0.6  V  and  0.3  V,  with 
each  set  point  held  for  60  s,  and  the  cycle  was  repeated  for  6  h.  (2) 
The  cell  was  cycled  between  0.6  V,  0.3  V,  and  OCV,  with  each  set 
point  held  for  60  s,  and  the  cycle  was  repeated  for  6  h.  (3)  The  cell 
was  cycled  in  a  sequence  of  potential  cycling  steps,  as  follows: 

(i)  Cell  voltage  was  decreased  from  0.9  V  to  0.2  V  and  maintained 
for  60  s  at  each  decrease  of  0.1  V. 

(ii)  Cell  voltage  was  maintained  at  0.1  V  for  60  s. 

(iii)  Cell  voltage  was  increased  from  0.2  V  to  0.9  V  and  maintained 
for  60  s  at  each  increase  of  0.1  V. 

(iv)  The  above  three  steps  were  repeated  for  6  h. 

To  investigate  the  influence  of  cycling  frequency,  two  other  tests 
were  added:  the  cell  was  cycled  between  0.6  V  and  0.3  V,  with  each 
set  point  held  for  (1)  5  min  or  (2)  20  s.  The  conditions  of  all  these 
tests  were  the  same  as  for  the  baseline.  Each  conditioning  pro¬ 
cess  was  performed  for  6  h,  and  EIS,  CV,  and  LSV  were  measured 
immediately  afterward. 

Other  techniques  investigated  in  this  paper  included  short 
circuit,  hot  water  circulation,  and  hydrogen  evolution/hydrogen 
pumping.  The  procedures  for  short  circuit  were  as  follows.  The 
anode  and  the  cathode  were  connected  to  short  the  cell,  with  a 
low  flow  rate  for  1  min  and  a  high  flow  rate  for  3  min.  This  pro¬ 
cess  was  repeated  for  0.5  h.  At  the  end  of  this  process,  hydrogen 
was  supplied  at  a  minimum  rate  and  oxygen  supply  was  stopped. 
When  the  cell  voltage  was  below  0.1  V,  the  hydrogen  supply  was 
stopped.  For  hot  water  circulation,  hot  water  (80  °C)  was  circulated 
for  both  anode  and  cathode  for  0.5  h,  and  then  the  electrochemical 
performances  were  measured.  For  hydrogen  evolution/hydrogen 
pumping,  air  at  the  cathode  side  was  replaced  by  nitrogen,  while 
the  anode  side  was  fed  with  pure  hydrogen.  An  external  power 
supply  was  used  to  generate  a  current  density  of  ca.  200  mAcm-2 
through  the  cell,  with  hydrogen  being  oxidized  at  the  anode;  the 
protons  were  transported  through  the  membrane  to  the  cathode, 
where  they  were  reduced.  The  procedure  was  continued  for  30  min. 

2.2.  Electrochemical  techniques 

To  assess  the  effectiveness  of  activation  and  to  understand  the 
underlying  principles,  EIS,  CV,  and  LSV  were  measured  after  each 
conditioning  process.  A  Solartron  SI-1260  Impedance/Gain-Phase 
analyzer  and  a  Solartron  SI-1287  Electrochemical  Interface  were 
used  for  EIS  testing  at  a  current  of  36  A  over  the  frequency  range  of 
10  kHz  to  0.1  Hz. 

Prior  to  the  CV  and  LSV  tests,  the  air  supply  was  switched 
to  nitrogen  and  the  system  was  run  at  OCV  with  H2  min  flow 
(0.51  min-1)  and  N2  min  flow  (21  min-1)  until  steady  potential 
was  achieved.  In  situ  CV  was  performed  on  the  fuel  cell  using  the 
Solartron  SI-1 287  Electrochemical  Interface  to  compare  the  relative 
electrochemical  surface  area  (ECSA).  To  avoid  possible  degradation 
from  carbon  support  oxidation  induced  by  high  potentials,  the  cell 
was  cycled  between  0.05  and  0.8  V  on  the  cathode  vs.  reversible 
hydrogen  electrode  (RHE)  at  a  scan  rate  of  50  mV  s-1 . 

The  gas  permeability  or  crossover  through  the  membrane  was 
assessed  using  LSV  to  measure  the  limiting  oxidation  current 


Fig.  1.  Time  dependence  of  current  at  0.6  V  for  the  baseline. 


densities  of  the  crossover  hydrogen.  For  LSV  measurement,  all  the 
operating  conditions  for  the  fuel  cell  were  the  same  as  in  the  CV 
test,  except  for  a  linear  potential  scan  from  0  to  0.5  V  (vs.  RHE)  on 
the  cathode  at  a  scan  rate  of  5  mV  s-1 . 

For  each  experiment,  the  output  current  density  of  the  cell  at 
0.6  V  was  monitored  and  extracted  from  the  data  as  a  function  of 
time. 

3.  Results  and  discussion 

3.1.  Baseline 

The  baseline  data  was  obtained  by  drawing  the  current  at  a 
constant  voltage  of  0.6  V  and  at  70  °C  for  lOOh.  Fig.  1  shows  the 
time  dependence  of  current  at  0.6  V  during  baseline  conditioning 
(note  that  the  figure  presents  only  the  first  28  h).  As  can  be  seen, 
the  current  increases  with  time  for  about  20  h,  with  the  greatest 
increase  occurring  at  the  very  beginning.  After  20  h,  no  further 
performance  improvement  is  observed.  After  6,  28,  and  lOOh  of 
operation  at  0.6  V,  EIS,  CV,  and  LSV  were  measured  (shown  in 
Figs.  2-4,  respectively).  There  is  a  spike  in  Fig.  1  during  conditioning 
at  ~6  h,  which  was  caused  by  the  interruption  of  the  condition¬ 
ing  operation  for  measuring  EIS,  CV,  and  LSV.  The  curves  at  0  time, 
“fresh”,  were  also  added  to  the  figures  for  comparison.  These  “fresh” 
values  were  obtained  by  measuring  a  new  sample  that  had  not 
undergone  any  conditioning.  Clearly,  after  conditioning  the  elec¬ 
trochemical  active  area  increased,  and  the  membrane  resistance 
(high-frequency  intercept)  and  polarization  resistance  (the  differ¬ 
ence  between  the  low-  and  high-frequency  intercepts)  decreased. 
Based  on  the  impedance  spectra,  membrane  resistance  (Rel),  charge 
transfer  resistance  (Rct),  and  mass  transfer  resistance  (Rm t)  can  be 
extracted  using  the  equivalent  circuit  depicted  in  Fig.  5,  where  CPE 
represents  the  constant  phase  element.  The  simulated  parameters 
are  listed  in  Table  1. 


Fig.  2.  Comparison  of  EIS  curves  at  different  times  during  baseline  conditioning. 
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Table  1 

Parameters  extracted  from  impedance  spectra  using  the  equivalent  circuit  depicted  in  Fig.  5. 


Accelerated  conditioning  operation 

Re i  (C2cm2) 

Rct  (£2  cm2) 

Rmt  (Q  cm2) 

Accelerated  conditioning  operation 

Re i  (£2 cm2) 

Rct  (£2  cm2) 

Rmt  (£2  cm2) 

Fresh 

0.17 

0.225 

0.045 

Baseline  6H 

0.165 

0.178 

0.045 

Baseline  28H 

0.155 

0.148 

0.04 

Baseline  100H 

0.152 

0.148 

0.04 

50°C 

0.167 

0.212 

0.045 

0.6-0.3  V,  20  s 

0.157 

0.235 

0.05 

70  °C 

0.165 

0.178 

0.045 

0.6-0.3  V,  60s 

0.157 

0.152 

0.03 

90  °C 

0.16 

0.135 

0.024 

0.6  V-0.3  V,  5  min 

0.169 

0.155 

0.032 

0.6-0.3  V 

0.157 

0.152 

0.03 

Short  circuit 

0.152 

0.175 

0.043 

0.6-0.3  V-OCV 

0.157 

0.175 

0.038 

Hot  water  circulation 

0.191 

0.268 

0.051 

Sequential  cycling 

0.152 

0.16 

0.04 

Hydrogen  pumping 

0.17 

0.19 

0.041 

Fig.  3.  Comparison  of  CV  curves  at  different  times  during  baseline  conditioning. 


Fig.  4.  Comparison  of  LSV  curves  at  different  times  during  baseline  conditioning. 

The  observed  phenomena  can  be  explained  by  the  following 
possible  theories  [2]: 

(1)  Increase  in  the  electrochemical  active  area  of  the  catalyst:  this 
is  achieved  by  the  removal  of  impurities  introduced  during  the 
process  of  manufacturing  the  MEA  and  the  fuel  cell  stack,  and 
the  activation  of  a  catalyst  that  does  not  participate  in  the  reac¬ 
tion. 


Rel 

- CPEi - 

- cpe2 - 1 

Rct 

_ 1 - 1 _ 

R  mt 

_ 1 - 1 _ 

Fig.  5.  Equivalent  circuit  of  a  resistor  and  a  Voigt’s  structure  in  series  with  capacitors 
replaced  by  CPE. 


(2)  Membrane  “break-in”:  one  such  theory  is  that  the  membranes 
may  include  catalyst  residue  that  hinders  their  performance. 
Another  is  that  the  membranes  are  initially  dry,  hindering 
the  cell  performance  until  the  membranes  hydrate  during  the 
incubation  period  (indicated  by  the  decrease  in  membrane 
resistance). 

(3)  Decrease  in  charge  transfer  resistance:  the  initial  performance 
of  a  new  MEA  with  Nafion-bonded  electrodes  usually  improves 
with  time,  as  the  electrolyte  contained  in  the  electrodes  needs 
hydration  to  ensure  the  passage  of  hydrogen  ions. 

(4)  Decrease  in  mass  transfer  resistance:  conditioning  creates  more 
transfer  passages  for  reactants  to  the  catalyst. 

As  seen  in  Fig.  4,  hydrogen  crossover  increases  slightly  over 
time  compared  with  the  fresh  sample.  However,  the  increase  is 
insignificant. 

3.2.  Effect  of  temperature 

The  temperature  effect  is  obtained  by  comparing  the  perfor¬ 
mance  after  6h  of  conditioning  at  50,  70,  and  90  °C.  Fig.  6  shows 
the  time  dependence  of  current  at  0.6  V  during  6h  of  condition¬ 
ing  at  different  temperatures.  As  can  be  seen,  cell  performance 
increases  with  increasing  temperature.  For  all  the  temperatures, 
a  similar  increasing  trend  in  performance  is  observed  within  6  h, 
but  this  time  is  apparently  not  enough  for  the  cells  to  completely 
reach  their  best  performance.  For  example,  in  the  baseline  case, 
20  h  of  operation  is  needed.  Nevertheless,  the  greatest  performance 
increase  occurs  at  the  very  beginning  (i.e.,  1-2  h).  Qi  and  Kaufman 
[9]  also  found  that  under  elevated  temperature,  the  current  den¬ 
sity  at  certain  cell  voltages  could  be  doubled  after  activation  and 
the  activation  could  be  completed  extremely  quickly,  with  most  of 
it  achieved  in  the  first  few  minutes. 

After  6  h  of  operation  at  0.6  V  at  different  temperatures,  EIS,  CV, 
and  LSV  were  measured.  The  results  of  CV  and  EIS  are  compared  in 
Figs.  7  and  8,  respectively.  Evidently,  after  conditioning  at  different 
temperatures  the  electrochemical  active  area  increases  (relative 
to  the  fresh  sample,  the  electrochemical  active  area  increases  by 


Fig.  6.  Comparison  of  current-time  curves  at  0.6  V  conditioned  at  different  temper¬ 
atures. 
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Fig.  7.  Comparison  of  relative  active  area  derived  from  the  CV  curves  after  condi¬ 
tioning  at  0.6  V  for  6  h  at  different  temperatures.  The  relative  active  area  of  the  fresh 
sample  is  1. 


1 .4, 1 .2,  and  1 .3  times  for  50  °C,  70  °C,  and  90  °C,  respectively).  Due 
to  ionomer  hydration  and  catalyst  activation,  the  membrane  and 
polarization  resistances  decrease,  as  demonstrated  in  Fig.  8.  Fur¬ 
ther,  according  to  the  simulated  impedance  parameters  listed  in 
Table  1,  Reh  Rc t,  and  Rmt  all  decrease  with  increasing  temperature. 
It  has  been  proposed  that  the  activation  process  increases  catalyst 
utilization  by  opening  many  “dead”  regions  in  the  catalyst  layer. 
Even  when  a  proton  conductor  such  as  Nation  is  mixed  into  a  cat¬ 
alyst  layer  to  make  it  conduct  protons  in  three  dimensions,  many 
of  the  catalyst  sites  are  not  available  for  reaction,  for  various  rea¬ 
sons:  (1)  the  reactants  cannot  reach  the  catalyst  sites  because  the 
latter  are  blocked,  (2)  Nation  near  these  catalyst  sites  cannot  be  eas¬ 
ily  hydrated,  or  (3)  ionic  or  electronic  continuity  is  not  established 
with  these  sites.  When  a  fuel  cell  is  operated  at  elevated  tempera¬ 
ture  and  pressure,  many  of  these  “dead”  regions  are  “opened”  and 
then  become  active  [9]. 

With  increasing  temperature,  hydrogen  crossover  slightly 
increases  due  to  faster  diffusion  of  hydrogen  at  higher  tempera¬ 
tures. 


Fast  Conditioning  Operation 


Fig.  8.  Comparison  of  (a)  high-frequency  resistance  (b)  polarization  resistance 
derived  from  EIS  curves  after  conditioning  at  0.6  V  for  6  h  at  different  temperatures. 


Fig.  9.  Comparison  of  current-time  curves  at  0.6  V  for  different  cycling  steps. 


3.3.  Effect  of  cycling  steps 

The  effect  of  cycling  steps  was  evaluated  by  comparing  the  per¬ 
formance  after  6h  of  conditioning  using  2,  3,  and  more  cycling 
steps.  Fig.  9  shows  the  time  dependence  of  current  at  0.6  V  during 
6  h  of  conditioning  for  different  cycling  steps.  As  can  be  seen,  any 
potential  cycling  operation  helped  to  activate  the  cell,  and  cycling 
between  0.6  V  and  0.3  V  achieved  the  best  performance  within  6  h. 
In  other  words,  neither  OCV  relaxation  nor  cycling  with  more  steps 
was  much  help  in  conditioning  the  cell.  Similar  to  results  from  pre¬ 
vious  tests,  the  greatest  performance  increased  occurred  at  the  very 
beginning  of  conditioning. 

After  6  h  of  conditioning  under  different  cycling  steps,  EIS,  CV, 
and  LSV  were  measured.  Results  from  CV  are  compared  in  Fig.  10, 
and  results  from  EIS  are  listed  in  Table  1.  Fig.  10  shows  that  after 
conditioning  under  different  potential  cycling  steps,  the  electro¬ 
chemical  active  area  increased,  especially  for  sequential  cycling. 
Compared  with  the  results  for  a  fresh  sample,  Rel,  Rct,  and  Rmt  all 
decreased  in  the  three  cases.  It  is  generally  believed  that  the  mem¬ 
brane  hydration  level,  the  number  of  proton  conduction  channels, 
and  the  catalyst  layer  porosity  continued  to  increase  during  the 
conditioning  period.  According  to  Fig.  10,  as  the  number  of  cycling 
steps  increases,  more  active  area  can  be  obtained.  Flowever,  this 
trend  does  not  exactly  match  the  trend  in  resistance  changes  as 
observed  from  EIS;  these  activations  are  effective  for  improving 
one  factor  but  may  not  be  effective  for  improving  other  factors  that 
affect  cell  performance.  The  ultimate  performance  improvement 
will  be  determined  by  the  combined  effects  of  all  factors.  For  LSV, 
there  was  no  significant  change  in  hydrogen  crossover. 

3.4.  Effect  of  cycling  frequency 

The  effect  of  cycling  frequency  was  determined  by  comparing 
the  performance  after  6  h  of  conditioning  under  different  cycling 
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Fig.  10.  Comparison  of  the  relative  active  area  derived  from  the  CV  curves  after  con¬ 
ditioning  with  different  conditioning  operations  (♦)  Cycling  steps  (1 :0.6  V-0.3  V;  2: 
0.6  V-0.3  V-OCV ;  3 :  Sequential  cycling).  ( ■)  Cycling  frequency  (1:0.6  V-0.3  V  20  s ;  2 : 
0.6  V-0.3  V  60  s ;  3 : 0.6  V-0.3  V  5  min).  ( ▲ )  Other  techniques  ( 1 :  hot  water  circulation; 
2:  short  circuit;  3:  hydrogen  pumping). 
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Fig.  11.  Comparison  of  current-time  curves  at  0.6  V  for  different  cycling  frequencies. 

frequencies.  Fig.  1 1  shows  the  time  dependence  of  current  at  0.6  V 
during  6  h  of  conditioning  with  different  cycling  frequencies.  As  can 
be  seen,  within  2  h,  the  higher  the  cycling  frequency,  the  more  effi¬ 
ciently  the  cell  was  activated;  at  a  high  frequency  of  20  s,  the  cell 
reached  its  best  performance  within  2  h,  followed  by  performance 
degradation,  whereas  for  frequencies  of  1  min  and  5  min,  at  least 
6  h  of  activation  process  were  needed.  At  this  moment,  it  is  diffi¬ 
cult  to  give  an  explanation  for  the  effect  of  frequency.  As  all  the 
measurements  were  taken  after  6  h  of  operation,  we  are  unable  to 
track  the  changes  during  these  6  h.  While  other  cells  are  still  in  the 
process  of  conditioning,  the  cell  at  a  frequency  of  20  s  has  started 
to  degrade  within  6  h.  We  may  assume  that  high  frequency  works 
more  effectively  to  improve  the  electrochemical  active  area  of  the 
catalyst  or  create  the  pathways  for  protons.  Furthermore,  it  is  pre¬ 
dicted  that  the  cell  with  potential  cycling  at  a  high  frequency  will 
have  a  fast  degradation  rate. 

After  6h  of  operation  at  0.6  V  under  different  cycling  frequen¬ 
cies,  EIS,  CV,  and  LSV  were  measured.  The  CV  results  are  compared 
in  Fig.  10  and  the  EIS  results  are  listed  in  Table  1.  For  all  cases,  after 
conditioning  under  different  cycling  frequencies,  the  electrochem¬ 
ical  active  area  increased.  From  Table  1  we  can  see  that  Rel,  Rc t,  and 
Rmt  all  decreased,  except  at  20  s.  In  this  case,  the  increases  in  Rc t 
and  Rmt  are  attributable  to  degradation  after  2  h.  Compared  with  the 
situation  at  a  frequency  of  1  min  although  conditioning  at  a  low  fre¬ 
quency  for  5  min  yielded  a  high  ECSA,  it  resulted  in  high  resistance 
for  the  membrane  and  polarization.  The  lower  cell  performance  for 
a  low  frequency  of  5  min  was  a  result  of  the  combined  factors.  For 
LSV,  there  was  no  significant  change  in  hydrogen  crossover  within 
such  a  short  time  of  operation. 

3.5.  Other  methods 

Other  methods  investigated  in  this  report  include  short  cir¬ 
cuit,  hot  water  circulation,  and  hydrogen  pumping.  The  principle 
of  hydrogen  pumping  is  to  improve  PEM  fuel  cell  performance  by 
moving  hydrogen  from  one  side  of  the  membrane  to  the  other.  As  a 
result  of  this  process,  electrode  catalyst  utilization  is  increased  and 
MEA  performance  is  improved  [4].  This  is  achieved  by  reducing  the 
overpotential  of  oxygen  reduction.  The  reduction  in  overpotential 
is  thought  to  be  due  to  changes  in  the  porosity  and  tortuosity  of  the 
catalyst  layers  when  H2  evolves  from  them,  leading  to  an  increase 
in  the  number  of  reactant-catalyst-electrolyte  3-phase  sites.  Flot 
water  circulation  was  chosen,  as  it  was  believed  that  the  Nation  in 
the  MEA  could  achieve  complete  hydration  (including  the  Nation 
membrane  and  the  Nation  in  the  CL),  leading  to  enhanced  MEA 
performance.  Plot  water  circulation  might  also  help  to  open  some 
“dead”  regions  in  the  CL  [17]. 

These  methods  were  compared  for  0.5  h  of  operation.  Compared 
with  the  baseline  figures,  these  methods  could  activate  the  cell  to  a 
certain  extent  within  0.5  h.  Cell  performance  was  improved  in  this 
order:  short  circuit,  hydrogen  pumping,  and  hot  water  circulation. 


After  0.5  h  of  operation  under  different  conditions,  EIS,  CV,  and 
LSV  were  measured.  The  CV  results  are  compared  in  Fig.  10,  and 
the  EIS  results  are  listed  in  Table  1.  It  can  be  seen  that  after  condi¬ 
tioning  under  different  circumstances,  the  electrochemical  active 
area  increases  greatly,  especially  for  the  short  circuit  and  hydro¬ 
gen  pumping  situations.  The  short  circuit  not  only  achieves  the 
largest  active  area,  but  also  achieves  the  smallest  membrane  and 
charge  transfer  resistances  (while  not  contributing  to  increases  in 
the  mass  transfer  passages),  as  seen  in  Table  1.  Hydrogen  pump¬ 
ing  can  greatly  reduce  the  charge  transfer  resistance,  but  does  not 
contribute  to  improving  the  membrane  conductivity  and  increas¬ 
ing  the  mass  transfer  paths.  Hot  water  circulation  achieved  (i)  the 
least  active  area  increase  and  (ii)  an  increase  in  membrane  and 
polarization  resistances,  probably  due  to  flooding  issues. 

4.  Concluding  remarks 

This  report  investigated  various  methods  and  factors  to  condi¬ 
tion  a  PEM  fuel  cell.  The  conditioning  times  and  electrochemical 
properties  after  conditioning  are  compared.  It  is  worth  noting  that 
these  comparisons  are  based  on  the  Gore  CCM.  Depending  on  the 
type  of  MEA  components,  the  actual  conditioning  time  and  prop¬ 
erties  may  vary.  According  to  our  results:  higher  temperature  is 
more  effective  to  obtain  high  performance;  OCV  relaxation  and 
more  cycling  steps  are  not  very  helpful  in  accelerating  the  process; 
higher  cycling  frequency  may  reduce  the  activation  time,  but  is 
soon  followed  by  degradation;  and  the  short  circuit  method  seems 
very  effective  to  condition  the  cell  in  a  very  short  time.  However, 
applying  all  these  stressors  to  condition  the  cell  strongly  affects  the 
microstructures  of  the  conditioned  MEA,  which  in  turn  will  strongly 
affect  the  long-term  behaviour  and  durability  of  the  cell,  as  MEA 
nanomaterial  degradation  is  heavily  history-dependent.  For  exam¬ 
ple,  although  short  circuits  can  condition  the  cell  in  a  very  short 
time,  we  do  not  know  how  this  will  affect  the  cell’s  durability  with¬ 
out  a  long-term  durability  test.  The  effect  of  conditioning  on  cell 
durability  may  be  studied  in  our  future  work. 
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